Metabolic
carboxylic acids are extracted, with a mixture of equal volumes of t-amyl alcohol-chloroform, from an acidified sample of as little as 200 tI of urine that has been adsorbed to a short column of silicagel. Total acid in the extract is measured by titrationwith tetramethylammonium hydroxide (10 mmol/liter) to a phenolphthalein end point.There is no interferencefrom protein,creatinine, creatine, bicarbonate, or amino acids, and no pretreatment of the sample is required. Results compared well (r = 0.94) with those obtained by the Palmer-Van Slyke method for total organic acids. This procedure should prove useful as a simple, rapid screening test for those metabolic disturbances and inborn errors of metabolism characterized by increased excretion of organic acids. It is necessary to specify whether these parts are for the 0.9-cm or 0.5-cm column.
Materials and Methods

Reagents
The description of the pump and its high-pressure connectors may be found in reference 8.
Vibrator. 
Procedures
Two milliliters of urine is partially frozen in a 100-ml beaker so as to prevent loss of volatile acids, during the following steps. To this is added 100 l of 3 molar sulfuric acid, followed by 4 g of the ovendried (110#{176}C) silica gel (a spatula, previously calibrated to deliver 4 g to within 200 mg, is satisfactory and convenient).
The mixture is then stirred with a glass rod until a free-flowing powder is formed that does not cling to the walls of the beaker.
The mixture is transferred quantitatively to a 0.9-cm extraction column by touching the lip of the beaker to the top of the column while vibrating the column with the plastic-coated tip of the vibrator. The sample falls into the column and comes to a stable height after less than 3 mm of vibration.
The column above the silica gel is filled with 50 ml of the extracting solvent and the extract is collected in a 50-ml volumetric flask. Under 2 atm (200 kN/m2) pressure (the usual laboratory air-line pressure), this takes about 10 mm. Figure 1 shows how a number of samples may be run simultaneously.
The volumetric flask is filled to the mark with extracting solvent. After thorough mixing, 5-ml aliquots of this extract are titrated to a phenolphthalein end point with the 10 millimolar tetramethylammonium hydroxide in ethanol.
The procedure outlined above can be scaled down as follows, to accommodate a sample volume of 0.2 ml. To 200 tl of sample add 10 l of 3 molar sulfuric acid and 0.5 g of dry silica gel. Mix with a glass rod and, by vibration, transfer the free-flowing powder into a 0.5 X 25 cm extraction column. Extract with 5 ml of the solvent mixture and titrate 2-ml aliquots in duplicate.
This micro-scale system requires only a A blank, in which 2 ml of distilled water is used in place of the sample, must be run with each series of assays, because a column containing 600 microequivalents of sulfuric acid in 2.0 ml of water will yield about 5 microequivalents of acid in the extract. The blank value observed when only sulfuric acid is present in the extraction column may be the result of slow leaching of small amounts of sulfuric acid or titratable impurities from the silica gel, extracting solvent, and (or) sulfuric acid solution.
Calculation. The total organic acid concentration of the urine is calculated as follows: 
Results
The volume of extracting solution used is the volume that extracts the most organic acid without extracting significant portions of the sulfuric acid. Two milliliters of the citric acid standard (50 mEq/liter) was adsorbed onto the silicagel and a 0.9-cm column prepared as described above. The column was then extracted (eluted) with 100 ml of the extracting solvent; the extract was collected in 11 fractions of 5 to '10 ml each. Figure 3 shows Of the citric acid, 95% appeared in the first32 ml of the extract, while significant portions of the sulfuric acid began to appear only after 82, ml of the extracting solution had passed through the column. Similarly, for the micromethod in which 0.2 ml of citric acid and the 0.5-cm column are used, 98% of the citric acid eluted with 5 ml of the extracting solution, and sulfuric acid was not eluted until 7 ml had passed through the column. 
Discussion
Selective extraction with immiscible solvents has been successfully used for many years to determine long-chain nonesterified free fatty acids in plasma (7). In the procedure described here, the aqueous phase is immobilized on silica gel and selectively extracted (i.e., eluted) by passing a mixture of chloroform and t-amyl alcohol through a short column of silica gel containing the sample. t-Amyl alcohol esterifies relatively slowly with carboxylic acids, is less acidic than other alcohols such as methanol and ethanol, and is incompletely miscible with water, which makes it very useful for partition systems. Previous experience with the Automatic Organic Acid Analyzer (8) shows that most common organic acids of metabolic origin can be separated and quantitated by use of a partition chromatographic system involving an increasing gradient of t-amyl alcohol in chloroform.
The most polar organic acid detectable by this method, citric acid, was not eluted from the hydrated silica gel column until the proportion of alcohol approached 1:1 by volume. Alcohol proportions greater than 1:1 begin to elute the sulfuric acid. Thus, by using the extracting solvent described here, we could extract both polar and nonpolar acids with a small volume of solvent and titrate them as a group. The volume we chose is sufficient to extract the organic acids quantitatively, but excludes most of the sulfuric acid (see "Results").
Most organic acids are soluble in organic solvents in their un-ionized form. Therefore, sulfuric acid is added to the sample in sufficient quantity to decrease the pH below 2, and most charged substances such as amino acids are not eluted from the column. Thus, when 10 jmol each of alanine, arginine, aspartic acid, glutamic acid, glycine, isoleucine, leucine, methionine, ornithine, phenylalanine, proline, serine, taurine, threonine, and valine were extracted individually in 5-mm columns, less than 0.3 microequivalent could be titrated in the extract. This was confirmed by analyzing the extract by the quantitative ninhydrin method of Rosen (9) .When 100 imol of creatininewas extracted in a 9-mm column, only 1.3 microequivalent was titrated in the extracting solvent.
We find that the purity of many commercial biochemicals is such that the extraction of small amounts of acid from substances being tested for interference may be due to contaminating acids rather than partial extraction.
Protein is firmly adsorbed to the silica gel and need not be removed before the extraction.
Acids 
